Since the behavior of earth dams is unreliable in different stages of construction, impounding, and exploitation, this matter is an unavoidable and essential issue with regard to the serious dangers caused by the failure of these important structures. It is crucial to evaluate the behavior of dams and examine the consistency between the carried out analyses and the behavioral parameters under different conditions in the lifespan of dams due to the uncertainty of the principles and hypotheses which have been adopted to analyze these structures. is objective will be accomplished through the help of correct numerical analyses. A series of hypotheses are adopted to simplify the parametric analyses before starting these analyses. e aim of this research is to develop and discuss these hypotheses. And so, the number of elements and their effects on the results of analyses were examined through the consolidation of unsaturated soil method, the compressible fluid method, correlated analysis, and uncorrelated analysis. It became clear after the numerical analyses that correlated analysis is a more precise method in comparison with the uncorrelated analysis method. However, this method is not economical when it comes to high dams and the replacement method is the uncorrelated analysis. Furthermore, the displacements are not that sensitive to the bulk modulus of water while the maximum settlement of the dam transfers from the middle of the dam's core to a location higher than that the core as the bulk modulus of water increases. However, pore water pressure is very sensitive to the bulk modulus of water.
Introduction
e advancement of engineering science regarding analyzing and designing geotechnical structures has presented the answers to many questions posed about these structures based on the theoretical and experimental findings. e development of numerical methods (such as the finite element method) and the behavioral models of the materials under different loading conditions (static and dynamic) has made it possible to more practically examine the geotechnical behavior under different loading conditions through considering different types of boundary conditions and the effect of numerous parameters. It is clear that the accuracy and the degree to which the results obtained from these types of analyses are close to the actual values greatly depend on the parameters of the behavioral model which govern the materials being actual.
Rockfill dams, as one of the greatest geotechnical structures, are increasingly used because of their inherent flexibility, capacity to absorb large seismic energy, and their adaptability to various foundation conditions. e use of modern earth and rockfill moving equipment and locally available materials makes such dams economical as well. Rockfill materials contain particles of large sizes, and their testing requires equipment of formidable dimensions. erefore, the sizes of particles for testing are reduced, usually using modeling techniques. Four modeling techniques are available: the scaling technique [1] , the parallel gradation technique [2] , the generation of the quadratic grain-curve technique [3] , and the replacement technique [4] . Among them, the parallel gradation technique has been considered the most appropriate by Ramamurthy and Gupta [5] .
Valstad et al. [6] analyzed the Storvatn dam located in Norway using a Newmark approach. eir studies indicated that shearing off of the thin core near the crest may have occurred under severe shaking. Hoeg [7] presented the results of Storvatn dam and showed that relatively large shear strains may occur in the top of the core if dam slopes are very steep. However, he concluded that in general, rockfill dams with asphaltic concrete core have favorable seismic protection. Meintjes and Jones [8] analyzed the Ceres dam located in South Africa by using the Newmark method. e predicted behavior of the dam was satisfactory. Rashidi and Haeri [9] by using finite differences method performed numerical analysis of the Gavoshan Dam located in Iran. ey observed that the dam's performance was suitable regarding the created pore water pressure and hydraulic fracturing probability in the construction period as well as during the first impounding. Rashidi et al. [10] ere are other related studies [12] [13] [14] that conducted numerical analysis on rockfill dams and earth structures.
e results of these studies showed the appropriate response of the earth dams and structure during and after an earthquake.
Based on the above background, this paper studies the initial hypotheses for numerical analysis of rockfill and earth dams as well as their effects on the results of the analysis.
en, it introduces examining the degree of accuracy of the number of elements in the results of numerical analysis. Finally, it presents selecting the method of examining the consolidation of unsaturated soil method and examining the uncorrelated analysis of stress, strain, and pore water pressure.
Examining the Degree of Accuracy of the Number of Elements in the Results of Numerical Analysis
In order to clarify the effects of total number of elements on the accuracy of numerical analysis and results, two different types of model were considered. e properties of the materials and their geometric shape are in accordance with Gavoshan Dam which is a rockfill dam with a clay core and 122 meters high. e first sample which could be seen in Figure 1 has a coarse mesh size with 1300 elements. e number of its layers are equal to the number of the elements in the vertical direction in the numerical computation, also in the time of construction, which means its vertical displacements will be equal to zero after every layer is constructed. Similarly, to the real construction time, the vertical displacement of all the elements will be zero once.
e second sample has a finer mesh size with 7200 elements. e time the program needs to run is very longer for the second sample. e number of its layers is 26 at the time of construction, similar to the first sample. e difference between them, however, is that each layer has a number of rows of vertical elements on top of each other, and after each layer is run, only the top element's vertical displacement will be equal to zero; this will lead to the vertical displacement or the dam settlement results being disorderly, fluctuated, and unreal. Figure 2 shows the di erence between settlement in the rst and the second samples.
e obtained results were presented in the ratio of the total vertical stress, pore water pressure, and vertical displacement of the rst sample to those of the second sample in the middle of the core in the entire height of the dam. In the rst part of the study, the vertical displacement ratio of the rst sample to that of the second sample was conducted. e smaller the layers are, the more the dam settles. It is expected for the second sample to display more settlement since the elements are smaller, and as a result, it is expected the settlement ratio of the rst to the second sample to be smaller than one. As it could be seen in Figure 3 , the settlement ratio is absolutely unorderly, and the reason is only the settlement occurring in the second sample since the vertical displacements of the upper layers, which their displacement has become zero, are not in harmony with the upper and lower layers which have not become zero, and the software shows lesser of its displacement. e rst sample is therefore more acceptable than the second sample.
In the model with the large elements, the total vertical stress and pore water pressure obtained from numerical analysis are slightly greater than that of exact sample with ner elements. Figure 4 which shows the ratio of pore water pressure and total vertical stress of the rst sample to that of the second sample expresses the same thing. However, this di erence is insigni cant and could be overlooked. Generally, examining the e ects of elements' number on the accuracy of numerical analyses made it clear that making the elements ner, increasing elements' number from 1300 elements to 7200 elements, decreased the total vertical stress ratio and pore water pressure ratio about 2 and 3 percent, respectively, while the vertical displacement ratio increased about 4 percent.
As speci ed in Figures 5 and 6 , vertical displacements and pore water pressure ratio of the rst and second are 
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totally similar regarding the form of the curves as well as the quantity. erefore, it is better to use the rst sample in order to accelerate the computations and also to better show the changes in the vertical displacements.
Selecting the Method of Examining the Consolidation of Unsaturated Soil Method
ere are two methods for examining the behavior of unsaturated substances during construction and impounding: consolidation of unsaturated soil method and compressible uid method. e type of the case study and also the instructions of the software must be considered when selecting one of these methods. However, since there is no need for many parameters and the computations do not take long and also we assume a saturation degree higher than 80% for the earth core of the dam, which is not an irrational assumption, it is better to consider the second method to examine the unsaturated behavior of the soil. It is necessary to obtain the equivalent bulk modulus of liquid-air phase in order to use this method. is is done through calculating and drawing the R u values in the core for di erent bulk modulus and selecting the most suitable curve among them. With regard to the fact that the value of the bulk modulus of water is equal to 2e9 Pa under real conditions, parametric examinations have been conducted on bulk modules from 1e7 to 1e8 Pa; therefore, the equivalent bulk modulus can be selected. On the other hand, since the bulk modulus values also rely on con ning pressure [15] , the bulk modulus could also be increased in the dam height.
e graphs of Figure 7 indicate di erent status of R u for di erent equivalent bulk modulus.
As it could be seen in the gure, the greater the values of the bulk modulus of water, the greater value of R u . e settlement and the pore water pressure of this dam were also examined thorough parametric examination in order to select the bulk modulus accurately. Figures 8 and 9 illustrate the displacement and pore water pressure of di erent bulk modulus. ese graphs indicate that the displacements are not very sensitive to the bulk modulus of water. Only the maximum settlement of the dam transfers to a location higher than the middle of the core as the bulk modulus of water increases while pore water pressure is extremely sensitive to bulk modulus of water.
Examining the Uncorrelated Analysis of Stress and Train and Pore Water Pressure
Using the consolidation of correlated equations and equations involved in mechanical stress and strain and water pressures are precise methods for examining the behavior of the soil environment in presence of water ow. Correlated analysis needs a lot of time and computational e ort in order to be executed and for results to be obtained, and also the run-time increases progressively as the number of the nodes increases. erefore, it is not economical to execute the analyses. Another method which has a decreased level of quantitative accuracy but decreases the run-time and the computational method is uncorrelated solution in each stage of the analysis progress. In other words, the equilibrium and behavioral relationship equations are rst analyzed in each layer of construction and impounding without considering water ow, and so the displacements and strains are obtained. e pore water pressure will be determined in each Advances in Civil Engineeringphase in the following stage without considering the mechanical behavior of the soil environment, through examining the pressure equation. is process will be repeated for each layer in construction and impounding, and the satisfactory answers will be eventually obtained. erefore, the consolidation process of the dam will be nally modeled through using this method during construction and impounding. e point to be noted in this analysis, which has also been mentioned in the software instructions, is that the program is sensitive to the value of the bulk modulus of water in the analysis time in the stage of water-ow analysis, and the run-time also proportionately increases as the bulk modulus increases. is is because the number of the essential stages for reaching the necessary ow time for constructing or impounding each layer proportionately increases for bulk modulus with larger numbers, and if the bulk modulus of water increases by 10 times, the number of the stages must also increase by 10 times, so the satisfactory time is obtained. On the other hand, selecting bulk modulus of water has no e ect on the accuracy of the results according to Figures 10-12 which is in the water-ow stage due to the mechanical analysis of the model. erefore, the bulk modulus of water could be rst considered equal to the value obtained from unsaturated soil analysis in each stage for mechanical solution. A lower bulk modulus of water could be considered for the water-ow stage which is considered equal to 1e5 Pa here. effort in order to be run and present results. ese times will increase progressively as the number of the elements increase. erefore, this analysis is not economical for dams over 100 meters high, and the alternative method is uncorrelated analysis. (iii) Examining the degree of accuracy of the number of elements in the results of the numerical analysis made it clear that making the elements tiny and increasing their number from 1300 elements to 7200 elements will decrease the total vertical stress and pore water pressure ratio about 2 and 3 percent, respectively, and vertical displacement increases 4 percent. (iv) e compressible fluid method can be used in the unsaturated state of the dam's core during construction and impounding, and the equivalent bulk modulus of liquid-air phase must be obtained for that purpose since the obtained answers will depend on them. (v) With regard to the parametric studies conducted on bulk modulus of water in the compressible fluid method, it became clear that the displacements are not that sensitive to bulk modulus of water and only the dam's settlement locations transfers to a location higher than the dam core as the bulk modulus of water increases. However, pore water pressure is extremely sensitive to bulk modulus of water.
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